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INTRODUCTION
Currently, food pollution by heavy metals has become a threat to human health because of environmental contamination, industrial waste, and fertilizers used in agriculture, as well as various anthropogenic pollutants [1] . In addition, toxic heavy metals in plants could be influenced by the geochemical constituents of soil, pollution of water and air, and the selective accumulation of some elements in plants themselves [2] .
Although some metals, such as Cu, Ni, Cr, Mn, Mo, Zn, Fe, Co, and Al, are essential nutrients for plant growth, they can also present phytotoxic effects in human beings at concentrations greater than threshold concentrations [3] . It has been reported that several diseases, such as disorders of the nervous, digestive, and hematopoietic systems and even organ deformities, could be caused by heavy metal poisoning, including Pb, Cd, As, Hg, Sn, and Sb poisoning [4, 5] . Therefore, with increasing industrialization and environmental pollution, it is necessary to monitor the content of some toxic heavy metal elements in various foods.
Chinese prickly ash (CPA), including Zanthoxylum schinifolium Sieb. Et Zucc. (ZS) and Z. bungeanum Maxim (ZB) (Rutaceae), is a famous condiment widely used in China, and it is mainly distributed in Sichuan, Gansu, and Shaanxi [6] . Although CPA has aroused considerable attention for its chemical constituents, quality control, and possible uses, it is disappointing that systemic research regarding the heavy metal profile of this well-known food is still lacking [7, 8] . Therefore, our present study was designed to investigate the contents of some toxic heavy metal elements, including Cu, Ni, Cr, Pb, Cd, As, Hg, Sn, and Sb, in CPA from different CPA-producing areas using inductively coupled plasma mass spectrometry (ICP-MS).
EXPERIMENTAL

Materials and reagents
Forty-two CPA samples were collected from the primary of CPA-producing areas in China and were identified by Professor Min Li (College of Pharmacy, Chengdu University of TCM). Z. schinifolium Sieb. Et Zucc. (ZS) samples were collected from Yunnan, Chongqing, and Sichuan, and Z. bungeanum Maxim (ZB) samples were collected from Gansu, Shaanxi, and Sichuan etc. Concentrated nitric acid and 30 % hydrogen peroxide were purchased from Kermel Chemical Reagent Co, Ltd. (Tianjin, China). Concentrated hydrochloric acid and hydrofluoric acid were purchased from Xilong Chemical Co, Ltd. (Chengdu, China). A multi-elemental mixture of metal standards was purchased from the National Testing Center of Nonferrous Metals and Electronic Materials analysis (Beijing, China) . All other reagents used in our present study were of chromatographically pure grade.
Sample preparation
The collected samples were crushed over a sieve III filter, then placed in a dryer and dried before use. The testing samples (0.3 ± 0.0001 g) were precisely weighed and placed in a microwave digestion tank. Next, 8 mL of nitric acid was added and placed in an airtight container at room temperature for 30 min. Microwave digestion was subsequently performed. The digestion process was as follows: the temperature was increased from room temperature to 120 °C and held for 12 min, and then the temperature was increased to 165 °C in 6 min and held for 10 min. The temperature was then increased to 180 °C in 5 min and held for 25 min. Finally, the samples were concentrated and washed for ICP-MS determination.
Instruments and optimum conditions
The ICP-MS spectrometer combined with a quadrupole analyzer and collision chamber (Agilent Technologies, USA) were used to perform the heavy metal determination. In this study, the optimal operating conditions for ICP-MS analysis are shown in Table 1 . Bi, were used to correct the changes in the sample uptake rate and plasma conditions for the ICP-MS measurements. The analytical characteristic of the proposed method was obtained for the nine elements studied under the optimized conditions. Table 2 presents the linear ranges used for calibration and the coefficients of determination (R) used to assess the linearity (R > 0.999). The concentrations of Pb and As in CPA samples exceeded the maximum permissible limits in China. The limits of detection (LOD) and quantification (LOQ) for each metal were determined as follows: nine independent analyses of a blank solution spiked with the metal at a lower level of concentration of the analytical curve were performed. LOD and LOQ were calculated from the standard deviation (σ) of these determinations (LOD = 3.σ and LOQ = 10.σ).
Statistical analysis
Statistical calculations and analysis were performed using SPSS 19.0 (SPSS Inc., USA). Difference in heavy metal concentrations among different CPA samples was detected using Pearson correlation analysis was used for data analyzing. The level of significance was taken as p < 0.05 and p < 0.01.
RESULTS
To obtain the reliability of the results, recoveries were calculated by spiking with aliquots of metal standards and then analyzing them as usual, according to the original concentrations of the spiked samples [9] . Acceptable recoveries of 95-100 % were obtained for externally added Cu, Ni, Cr, Pb, Cd, As, Hg, Sn, and Sb, respectively. We included at least one laboratory duplicate for each CPA sample, and the result for each batches was analyzed in three times. Moreover, Table 2 presented a good linear ranges used for calibration and the coefficients of determination.
ICP-MS results for CPA samples are listed in Table 3 . The basic statistical data such as the number of samples, mean values, minimum and maximum values can be seen. Analysis of results indicate that, the highest concentration of Cr was found in Sichuan (7.33 mg/kg), and that of Ni was found in Shandong (6.86 mg/kg). Moreover, we obtained a high content of As in Sichuan (1.08 mg/kg). In the case of CPA samples, Cu is the most abundant metal in all CPA samples, the range of Cu concentration was 3.29 (in Sichuan) and 24.17 mg/kg. while for As 0.0011-1.08 mg/kg (in Sichuan and Gansu, respectively), and Sb 0.03-0.21 mg/kg (for Gansu, Sichuan). Cd levels ranged from 0.029-0.21 mg/kg (Gansu, Chongqing). Sn was the lowest concentration all analyzed heavy metals (most production areas were not detected), follow by Hg were not detected only in Sichuan and Shanxi. Furthermore, the highest concentration of Pb level was 3.84 mg/kg in Shaanxi, and the lowest was not detected in Gansu.
Correlation coefficients between metal concentrations were presented in Table 4 . Statistical analysis by SPSS showed metal-tometal correlations for all samples between Cu-Cr (p = -4.02), Cu-Ni (P = 0.561), Cu-As (p = 0.554) and Ni-As (p = 0.428) at the 0.01 level. Also, some metal-to-metal correlations were observed in Pb-Cr (p = 0.351), Pb-Cu (p = -0.310), Sb-Cd (p = 0.322), Sb-Hg (p = 0.311) and Cd-Sn (p = 0.309) at the 0.05 level. Moreover, others metalto-metal correlations for CPA samples were not significant, and each ion appeared independent.
DISCUSSION
The aim of this study was to determine the concentrations of heavy metals in CPA. We obtained results indicate that the concentration of heavy metals contamination differs significantly depending on the production area. Furthermore, the result showed that the concentrations of elements may also differ even within the same production area and the same variety, depending on climate and soil conditions where the CPA were grown.
Based our investigations, the Chinese food standards only regulated the concentrations of As, Pb, Cd and Hg in CPA, which sets a limit for dried samples (0.3 mg/kg for As, 0.50 mg/kg for Cd, 0.03 mg/kg for Hg, and 1.86 mg/kg for Pb). However, for other heavy metals we have not found any requirements. According to the World Health Organization (WHO) and Food and Agriculture Organization (FAO), regarding health risks, the intake of Pb compounds will cause acute poisoning in humans, and metallic Pb is possibly carcinogenic [11] . The provisional tolerable weekly intake (PTWI) for Pb, set as a limit for metal intake based on body weight for an average adult (60 kg body weight) is 1.5 mg. The researchers reported that Pb intake through food and drinking water was about 0.3 mg (Europe) and 0.61 mg (China) in every week [12, 13] . Then, the per capita annual consumption of CPA was calculated is 0.5 kg. Based on the Chinese food standards, when the concentration of Pb reached the limit requirement (1.86 mg/kg), the consumption of Pb is about 0.017 mg, only accounting for 1.192 % in PTWI. The present study showed that the per capita annual consumption of CPA was similar to the values observed in Shaanxi, China [13] . Thus, based on current safety standards, the concentrations of heavy metals in these CPA samples mean they are safe for human consumption.
In recent years, environmental pollution constantly aggravates the constant improvement in the economic level and ecological environment destruction. Consequently, food safety problems, including heavy metal pollution, microorganisms causing foodborne diseases, pesticide residues, organic pollutants, and chemical pollution, have been reported frequently at home and abroad, and have become serious threats to human life [14] . Additionally, more and more investigations have demonstrated that heavy metals are the key factor in food pollution due to their harmful effects on human health at low concentrations.
Heavy metals that enter the body through food, interfere with normal physiological function, and harm human body health are known as toxic heavy metals. These heavy metal elements, including Hg, Cd, Cr, Pb, As, and Sn, which are grouped into medium toxicity (Cu, Sn, etc.) and strong toxicity elements (e.g., Hg, As, Cd, Pb, and Cr) depend on the harm of heavy metal elements on human [15] . The contamination and enrichment of heavy metal elements may occur during production, processing, storage and transportation of food. Recently, heavy metal pollution has become the focus of much international attention, primarily because of the voluminous discharge into the environment from industrial activities. Heavy metals are toxic to ecosystems as well as humans, so their bioaccumulation in the food chain causes serious disorders [16] [17] [18] . The elements (Pb, Hg, Gr, As, and Cd) have significant poisonous activities against humans and cannot be degraded in the body. In addition, these heavy metals could present violent toxicities combined with other toxins in the human body. Commonly, Pb, As, and Hg are considered highly toxic elements that can cause serious harm to people's health and are involved in brain cell damage and hypothermia, leading to dementia, brain death, neurological disorders, and even cancer [19, 20] .
CONCLUSION
The findings of this study indicate that Cu, Ni, Cr, Pb, Cd, As, Hg, Sn, and Sb are the characteristic heavy metal elements found in prickly ash, this is worth-noting in the safety monitoring of this famous Chinese famous condiment. The concentrations of Pb and As in CPA exceeded the maximum permissible limits in Sichuan, Shaanxi, Shanxi and Jiangsu. Thus, the status of heavy metal concentrations of CPA should be further investigated in Sichuan, Shaanxi, Shanxi and Jiangsu. In addition, ICP-MS is a reliable and rapid technique for the determination of the heavy metals in CPA. Based on the obtained data and current safety standards, CPA in this study are safe for human consumption.
DECLARATIONS
Acknowledgement
This work was supported by Provincial Horizontal Issues, "Chinese Hanyuan Prickly Ash Deep Processing of Key Generic Technologies and Industrialization" (Project SEQ ID no: 2014PT048).
Conflict of Interest
No conflict of interest associated with this work.
